
Secondary Measurement

Measurement should be seen as one of the important answers to the question,
"Where do numbers come from?" Secondary students develop insights into the
essential role of measurement as a link between the abstractions of mathematics
and the concreteness of the real world. Most work with measurement connects
conceptual development in other strands to practical situations.

Students develop good judgment about using numbers that come from
measurement, particularly a realistic sense of what is a meaningful level of
precision. Students also develop a critical eye for the validity of measurement;
such as, "How well does the. measure what it to measure?"

a sense for objectsRelating to estimation,
using common units.
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Students will investigate how formulas and functions can give rise to
compound units, such as meters per second, grams per cubic centimeter, or
cycles per second. Students should make sense of converting quantities from
one set of units to another, such as meters per second to miles per hour.
Students must be given opportunities to apply measurement and estimation
skills necessary to become mathematically intelligent consumers. Areas such
as building improvement and grocery shopping provide many activities for
students.
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Students need to develop the skill of thinking in units without conversion, such
as metric length, Celsius temperature, or military time. Class activities must
give students many repeated experiences with making direct measurements in
different systems and estimating using different units. Students should be able
to estimate paper length in centimeters, state if it will be dark at 18:00 hours,
or decide how to dress if a temperature of 35 degrees Celsius is expected.

Mathematics departments should work with other departments such as science
and technology to select a core group of measuring tools and develop a plan
for access by all classes and students. Students must become familiar with all
types of measuring tools and have opportunities to use the tools repeatedly in
real situations.
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computer interfacing for measurement, such as a temperature probe.
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Sample Investigation #2
During the school year, many public pools are emptied. Develop some
questions that could be answered by taking measurements of the empty
pool. With the cooperation of the pool manager, have students make the
measurements of the pool, analyze the infonnation, and present or display

the results.
Notes to Teacher
.Questions students might investigate could include: How much

paint would be required to paint the inside of the pool? What
volume of water would be needed to fill the pool? How much will
the water cost? How long will it take to fill the pool? How much
water can be from the pool a typical
day? What would cost to How
much cement the pool deck area
around the the pool?

Extensions

.Groups
compare
pool,
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Other.

.
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Geometry involves various disciplines that pennit people to study problems that
have intrigued them for centuries. The Egyptians used geometry to social and
economic advantage. The Greeks used geometry to measure the circumference
of their world. Just as ancient scholars used geometry to understand their
world, today, technology enhances the study of geometry and allows all
students to investigate their world.

Empowered with geometric tools and ideas, students are able to represent two-
and three-dimensional situations. The development of students' reasoning skills
in the context of a structure included.
Students should use a of proof to
create mathematics. The students to
investigate properties of

trigonometry.
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A Closer Look

Work in the spatial relationships/geometric topics strand involves a great deal
of interaction and physical activity. In a cooperative-leaming environment,
students will use tools ranging from compass and straightedge to modem
technology to investigate and support conjectures as they build a mathematical
structure of their own. The processes of group interaction are as important as
the structure they develop.
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Activities will be selected that ensure connections of geometry to other
disciplines and lets the special talents of individual students draw them into
mathematics. Realistic situations, physical models, and the introduction of
three-dimensional geometry and two-dimensional representations will enhance
the understanding of modeling as a problem-solving tool.

Sample Investigation #1
Followa set of instructions given as intersections of loci from a starting
point to a "treasure."

Notes to Teacher
.This is an outdoor group activity .Each group must have access to

tools. Each needs a set of rubber
different other groups.

a large nail driven into the
attach one of their

.

. spots so that one

group.
or oral foml. Have

be

all

and

a

.

.

.

.

Students can make a scale diagram or model of the area to improve.
Students could propose two or more different ways to address the
problem and achieve the goals for change.
Students could make a scale diagram or scale model of the finished
space; they could estimate the cost of the improvement. The cost
estimate would include materials and labor required.
An interior decorator, builder, or construction contractor could be
invited to speak with the students and answer questions.
Students could write the sequence of steps required to complete the
project and could estimate the time required.

.
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Using mathematics to explore uncertainties deepens students' data sense.
Statistics and probability sharpen the students' power to.reason from
assumptions and evidence and evaluate confidence in conclusions. Statistics
and probability build on collecting, analyzing, representing, and interpreting
data.

The construction, analysis, and interpretation of graphs, charts, and tables
should be emphasized. Bar g~aphs, stem and leaf plots, pie charts, histograms,
frequency distributions, line plots, tables, matrices, and other methods of
displaying and communicating essential tools.

should be
set of data.

Students must recognize
given opportunities to
In all this work,

graphing applications,
basic tools.
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Data will be
employ basic

mutually
expected
reliable
and games.

The

interpret the results, and communicate the outcomes.

Analyze the effects of data transformations on measures of central
tendency and variability.

.

Apply properties of the normal distribution to data and formulate

suitable conclusions.

A

Verify, interpret, and predict data relationships using graphic utilities
and/or statistical software.

A
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A Closer Look

Realistic situations, experiments, and games must be used in the study of data
analysis. Data from the social sciences and vocational programs, newspapers
and magazines can provide interdisciplinary subject matter for data analysis.

Students will use random-sampling methods building a sense for issues, such as
bias in sampling, selection of sample size, and nonrepresentative samples.

Students will be able to design and carry out a simple but thorough project
using statistical methods. Techniques of data analysis should include measures
of central tendency median, mode), .(range, variance, standard
deviation), and (correlation and

Students will
include relative

of an and methods that
diagrams, tables, and

and methods to
and Pascal's triangle.solve

c the

word or letter

Class

with

camp

test

.It

test

on roster pre-season
of tested drugs being present is 0.07, what is the most cost-efficient
grouping of samples?

Notes to Teacher
.Use questions to help students think about the model.
.If the students do not organize their work, encourage the use of a

chart.
Extensions
.Students fattriliar with a spreadsheet may see the benefit after

performing the calculations repeatedly with a calculator. If not, lead
them to the use of a spreadsheet to solve the problem.
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Secondary Patterns and Functions

Functions are important unifying ideas in mathematics and other disciplines.
Functions allow the representation of relationships among quantities simply and
efficiently. The essence of the study of functions involves characterizing the
relationships between two quantities and developing a useful sense of the ways
in which one quantity can vary in relationship to another. The concept of
function is a major building block of secondary mathematics.

Exploring patterns helps students develop mathematical power and instills in
them an appreciation for the true beauty of mathematics. The study of patterns
requires the students to. generalize, mathematical
models to predict the. the
observed pattern.

Measurable
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Students should be given problems that allow for development of the tools of
algebra. They will defme and utilize functions and graphs to visualize the
important characteristics of functions. Activities need to be made specific and
concrete through discussion of functions and their typical applications.

Technology such as mathematical software packages and graphing calculators
must be used to build the basic notion of a function, the relationship and
meaning of domain and range for functions, and the comparison and translation
among various ways of describing functions. The study of functions needs to
proceed with an emphasis on graphical representation, calculator evaluation and
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applications, and the ability to fonn visual images of graphs of functions
defined analytically or algebraically.

Students should be encouraged to observe and describe all sorts of patterns in
the world around them. Observation of patterns in simple situations can lead to
a method of counting applicable to other situations. Students should generate
their own problems from actual phenomena.

Sequences and series should be investigated with an emphasis on their
descriptions in terms of recurrence relations. Students can use recurrence
relations to model real-world phenomena. The Fibonacci sequence can be
found in the branches of trees, or the
whorls setting for integrating the
study of such as compound
interest, situations involving

which consist
for a honeycomb?
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Sample Investigation #2
Two high school students were talking about how many children they were
going to have when they got older. One of them wanted to have three
children. The other was concerned that the world had too many people and
planned to have only two children. One said "Why worry about that? Two
or three children: it's all about the same." The other said, "Oh, no! It
would make a big difference. If everyone had three children instead of two,
in just a few generations we would see a VERY big difference!" Who was

right?
Assumptions Developed
.Assume there are only 1000 newborn babies alive on Earth, 500

are boys, 500 are else has .

.Assume that infants will
assistance of

.Assume

.Assume

birthday.
Notes to
.It is
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without the
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children. When calculating the number of couples, multiply by a
decimal percent probability of having children. The integer function
would need to be used before multiplying to get the number of
births.
Students could also graph the data. This would allow students to
see the effect of the different numbers of children per couple on the
outcome.
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Extensions
.Students can investigate what effect having other numbers of

children per couple has on the outcome. A spreadsheet could be
created so the number of children per couple is entered at the top.

.Statistical data on average birth rates within different cultures could
be used, then students could predict future population trends-

.Students could add a probability for a couple to have children.
Maybe they do not plan to or are not physically able to have
children. When calculating the number of couples, multiply by a
decimal percent probability of having children. The integer function
would need to be used before multiplying to get the number of

births.
also graph

the

would allow students to
children per couple on the

.

. for the number of
be used to fit an

chart or
exponents and the

by Steve
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Algebra is a fundamental tool for thinking and communicating symbolically
across many content areas and disciplines. The use of statistics in the natural
sciences, economics, psychology , sociology, and other areas is increasing the
importance of algebra. As algebra connects to so many other content areas,
greater emphasis must be placed on conceptual understanding.

Students use the symbols of algebra to simplify and summarize their
understanding of how laws, rules, properties, and definitions relate to arithmetic
operations. Mathematical modeling enables students to appreciate the power of
mathematics, helping them to the world better .

Students will create and .

detennine how properties
graphs will be produced

among tables, graphs,

Measurable

The learner

A

.

..

&

A Closer Look

Important problems in real situations demand a variety of approaches as a
check on the reasonableness of the results obtained. Students should be given
problems that allow for multiple solutions. Students must have the opportunity
to employ multiple methods to solve open-ended problems.

Class activities must use manipulatives to make abstract connections such as
the use of algebra tiles to multiply binomials and solve equations.
Manipulatives should be used to introduce the concepts with more symbolic



the Best Better

Secondary Mathematics

approaches added as reasoning ability develops. Manipulatives used by
physical/tactile learners help form a memory web of events and concepts.

Patterns observed in data must be constantly modeled by algebraic methods as
well as other methods. Models constructed using spreadsheet software
illustrate important uses of the symbols of algebra. Algebraic models may
produce inapplicable results; estimating the reasonableness of solutions is anintegral part of modeling. ~

Use of graphing utilities must increase as the students' conceptual
understanding develops. Along with the symbolic solution to a system of
equations, students estimate the. using a graphing utility.
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Sample Investigation #2
Students are asked to collect formulas from different areas, such as science,
medicine, agriculture, engineering, business, finance, automotive repair,
manufacturing, construction, fine art, photography, etc. Students would
describe a few problems that illustrate the use of the formula. They should
be sure to show the steps in solving the formula. Graphics or pictures
could be found relating to the situation and students could make displays of
the formulas. The different formulas could be displayed in the classroom or

hallway.
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Discrete mathematics is a relatively new area in which a situation may be
represented with models having distinct and countable elements, as opposed to
continuous. The nature of discrete mathematics and digital computers promises
considerable mathematical empowerment to any who can master both.

Finite graphs and their matrix representations are important additions to a
student's repertoire of problem-solving tools. The diagrams, networks, and
flowcharts that students construct to model situations or use for planning,
scheduling, and decision-making are explored for their mathematical properties.

variety ofStudents will experience
situations. They will work
Students will create and
certain algorithms work

~

Measurable

The learner will:

Develop.

.

.

~

.

.

A Closer Look

Students will explore naturally occurring situations such as scheduling, routing,
and networking by representing them with discrete models. When models
involve graphs, analysis may be performed using matrices. Matrices will be
manipulated using graphic calculators and computer software.
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In real situations, students will employ techniques such as critical-path
methods, hierarchies, cross-classifications, and recursion to reduce complicated
situations to simpler ones. Students will construct, analyze, and compare
algorithms, and use graphical methods of linear programming and their discrete

analogues as decision-making techniques.

A cooperative-leaming environment is important to discrete mathematics
processes because individuals who may use this type of mathematics
professionally will likely be working as part of a group.

Students will communicate the results of investigations using discrete models.

.

other types ofjobs.
Along with the diagram, have students explain in oral or written
form how they found the critical path.
Have students select a real situation and model it with a diagram for
the purpose of determining the critical path.

.

Sample Investigation #2
The Stick-Em Bubble Gum Company decides to promote its gum by
including in each pack the photo of one of five rookies from the 1933
baseball season. Assuming that there are equal numbers of photos of each





Secondary Mathematics



Better

. Secondary Mathematics

Upon completion of the mathematics curriculum, students should be able to
enter any college mathematics course with confidence, Advanced topics are
enrichment for the college-bound student

Students who have acquired a foundation across a broad mathematics
curriculum are ready to examine mathematical structure in more detail. They
can appreciate that seemingly different mathematical systems may be
essentially the same. They can investigate the properties of functions and
analyze the real number system and its various subsystems with regard to their
structural characteristics.

Students can recognize the
and can use technology in
science.

and

Students can model

logarithmicand verify .

Students are
with
calculus.

Detailed
work

levels.

:., Use the definition of a derivative to effectively examine the properties of
a function.

. Identify and evaluate the capabilities and limitations of technology as
applied to a problem situation.

. Effectively apply formal definitions that form the basis of calculus to
various functions.

. Verify group and field properties and effectively communicate the
results.
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. Identify real situations in which the methods of calculus are useful.

. Design an experiment to study a prob/em, conduct the experiment,
interpret the resu/ts, and communicate the outcomes.

A Apply properties of data distributions to data and formulate suitable
conclusions.

. Investigate and apply the connection between trigonometric and circular
functions.

. Explore and apply logarithmic and e.xponential functions.

.

.

.

This investigation is independent of teacher direction. The teacher
should aid in locating resources and equipment.
In an Advance Placement course, this is a good project to be
performed as a culminating project after the AP test and before the
end of school.
Be sure students have access to appropriate video equipment.
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Sample Investigation #2
Find data that is periodic, such as sunrise times on the first day of the
month, size of the moon each day throughout the month, the height of a
chair on a ferris wheel, etc. Use the sine and cosine functions to model the
data.

Notes to Teacher
.Estimated data for the ferris wheel could be collected from a video

tape. A video player that can display a clear still frame would
allow for fairly accurate results.

.Students can use a graphing utility to plot both the data and the
equation used as a model. Students could use statistical methods to
determine the goodness


